SUMMARY Serological evidence of infection with influenza A and B viruses was sought during three successive winters. Paired sera from 1595 pregnant women were studied and 79 infections occurred in 77 women (4.8%). A further 77 women who had no serological evidence of recent influenza infection were selected from the study population to serve as a control group. Cases and controls were comparable with respect to age, race, marital status, and number of previous pregnancies. Their offspring had virtually identical mean birth weights, skull circumferences, lengths, and incidences of neonatal jaundice. Although all the infections occurred in either the second or the third trimesters of pregnancy, the cases delivered more babies with congenital abnormalities than did the controls. The possibility was considered that the presence of an abnormal fetus made these women more susceptible to influenza infection. Unexpectedly, the women experiencing influenza infection during pregnancy delivered an excess of male babies, and an excess of females was born to the controls. Although this difference was statistically highly significant (P <0.01), a biological explanation for the results was not readily apparent and it is suggested that future studies of influenza during pregnancy should particularly look for evidence of an altered sex ratio.
SUMMARY Serological evidence of infection with influenza A and B viruses was sought during three successive winters. Paired sera from 1595 pregnant women were studied and 79 infections occurred in 77 women (4.8%). A further 77 women who had no serological evidence of recent influenza infection were selected from the study population to serve as a control group. Cases and controls were comparable with respect to age, race, marital status, and number of previous pregnancies. Their offspring had virtually identical mean birth weights, skull circumferences, lengths, and incidences of neonatal jaundice. Although all the infections occurred in either the second or the third trimesters of pregnancy, the cases delivered more babies with congenital abnormalities than did the controls. The possibility was considered that the presence of an abnormal fetus made these women more susceptible to influenza infection. Unexpectedly, the women experiencing influenza infection during pregnancy delivered an excess of male babies, and an excess of females was born to the controls. Although this difference was statistically highly significant (P <0.01), a biological explanation for the results was not readily apparent and it is suggested that future studies of influenza during pregnancy should particularly look for evidence of an altered sex ratio. Table 3 shows that a few antenatal differences were noted between cases and controls-for example, amniocentesis was performed because of a raised serum alphafetoprotein more frequently in the There was a slight excess of congenital abnormalities in the cases because two babies had heart lesions (ventricular septal defect; systolic murmur not characterised due to lack of parental cooperation) and three had minor orthopaedic abnormalities (bilateral eversion of feet; left metatarsus varus; upturned fifth toes). The mothers of the babies with heart lesions experienced influenza between 16-40 and 11-38 weeks gestation respectively. The mothers of the other three babies were infected between weeks 25-40, 10-40, and 12-25 respectively. Two babies born to controls had minor congenital abnormalities (umbilical hernia; birthmark). These numbers were too small for statistical evaluation.
Clinical findings
The mean birth weights of the cases and controls were identical, and an equal number of lowbirthweight babies was born to each group. The mean skull circumferences and mean body lengths were also very similar although these figures had not been recorded for all babies. There was a slight excess of unexplained severe neonatal jaundice in the cases.
The only statistically significant difference between the cases and the controls was that a large excess of male children was born to the women who had influenza and more female children were born to the controls.
Discussion
Several studies have associated influenza during pregnancy with many adverse effects, but it is difficult to imagine how a local infection of the maternal respiratory tract could damage the fetus. The demonstration that influenza viruses can, under certain circumstances, cross the placenta7 8 provided one possible explanation. The increased consumption of drugs2 during an influenza outbreak has provided another.
In this study we demonstrated that the majority of women of childbearing age are susceptible to influenza infection and that a surprisingly large number of women were infected during three winters when only comparatively small influenza epidemics occurred. Thus, even if these viruses only rarely damage the fetus, the total number of pregnancies at risk is very high.
We were unable to confirm the suggestion4 that women who have influenza during pregnancy might produce babies with lower birth weights. The only statistically significant difference between the cases and the controls was that women who had influenza infections subsequently delivered more male babies and that women not infected with these viruses delivered more female babies. Although this difference was statistically highly significant, a biological explanation for these results was not apparent. It is known that the way in which a woman responds to infection with hepatitis B virus can affect the sex of her children9 if the infection is established before conception. However, the influenza infections reported here occurred long after conception, so a similar mechanism cannot be invoked to explain our results. It is possible to speculate that maternal influenza infection could be more 'toxic' to There was a slight excess of congenital abnormalities in our cases but the significance of this observation is uncertain because the infections occurred during the second or third trimesters. The teratogenicity of influenza viruses could be investigated systematically only by detecting influenza infections in the first trimester of pregnancy. The taking of serial nasal swabs for virus culture is not practicable and it is not possible at present to diagnose first trimester infections serologically because women do not attend for antenatal care early enough to allow paired sera to be taken. Such an investigation will only become possible when a new pandemic strain appears, for it could then be reliably assumed that antibodies detected in booking sera against the new strain had been produced recently. It is therefore interesting to note that, when this approach was used during the 1957 pandemic,3 congenital abnormalities could be statistically associated with influenza even when the infection occurred after the first trimester. One explanation that has been given6 for this association is that a woman bearing a fetus destined to be born with a congenital abnormality may have an increased susceptibility to influenza infection. In view of the cases reported here, this is a concept which might profitably be pursued further.
